Abstract-Due to the problem of balance for energy consumption in underwater wireless sensor networks (UWSNs), a cluster-based routing protocol for UWSNs based on an improved K-means algorithm was proposed. This algorithm was used for clustering in underwater sensor networks to avoid unbalanced clustering which could happen in LEACH protocol. Considering the depth of nodes and their densities around, the initial centers of clusters can be selected by the maximum distance method. The master cluster heads and the aided cluster heads can be chosen with the consideration of the residual energy of nodes, the distance between nodes and the cluster center and the distance between nodes and the base station. It can share the energy consumption reasonably. The network simulation results show that the proposed algorithm can effectively balance the energy consumption, prolong the network lifetime, and increase the amount of data transmission compared with LEACH and LEACH_L protocols.
I. INTRODUCTION
Underwater wireless sensor network (UWSN) is composed of the base station and the sensor nodes with the capability of data collection, communication and data processing, which are deployed in the middle and bottom of the ocean. It is an autonomous and controllable network system which can automatically complete the information collection, processing, classification, compression and transmission. Deployed in the monitoring area in a random or definite way, the sensor nodes can real-time monitor, sense and collect the information of the target area in a cooperative way and send the processed information to the base station by a specific routing path. The user manages the sensor network to complete the data collection and monitoring tasks by configuring in the control center [1] .
Compared with the conventional terrestrial wireless sensor networks, The characteristics of underwater sensor networks limits the applicability of the existing routing algorithm [2] , including limited bandwidth capabilities, severe attenuation of the channel propagation, long propagation delay and high bits error rate. Underwater sensor nodes are battery-powered, the nodes are difficult to be replaced or recharged. Therefore how to design an underwater sensor networks to minimize power consumption and maximize network lifetime has become an important issue to investigate.
II. RELATED WORKS
Cluster-based protocol has recently attracted much attention in the terrestrial wireless sensor networks (WSN) [3] and UWSN [4] . It can save energy, expand network coverage and be convenient for data fusion [5] . After clustering, normal sensor nodes collect information and send it to the cluster head, cluster head sends the data to the base station after data fusion [6] . The network structure is shown in Fig.1 . LEACH [7] is the first cluster routing protocol that was proposed for WSN. It selects the cluster head randomly and circularly, makes the nodes take turns to act as cluster heads. The random election of the cluster head of LEACH leads to the network energy imbalance. After clustering, the cluster head directly communicates with the base station. Since the acoustic channel will cost more energy for transmitting data, this mode of communication is obviously not suitable for underwater sensor networks.
Some studies try to apply the existing wireless sensor network clustered routing protocol to underwater wireless *This work was supported by National Nature Science Foundation of sensor network. X. Li et al. [8] applied LEACH to underwater wireless sensor network and put forward the protocol LEACH-L. The election of cluster heads is based on the residue energy of the nodes. It updates the cluster structure when the cluster head has too low energy to keep the network work well. But the stochastic deployment of sensor nodes causes the uneven clustering structure and the imbalance of energy consumption. With consideration of the cluster structure, P. Wang et al. [9] proposed minimum-cost clustering protocol (MCCP) to reduce the total energy consumption and prolong the lifetime of the network. SalvaGarau F et al. [4] designed the cluster structure based the position of the nodes without regard to the energy. Adding the concept of clustering to the classic underwater routing protocol: VBF (Vector-Based Forwarding Routing Protocol), Dina M. Ibrahim et al. [10] proposed Clustering Vector-Based Forwarding algorithm CVBF that divides the network into several cluster. Each cluster transmits the message following the mechanism of VBF. In this protocol, the boundary nodes cost too much energy, and it still has the problem of "hotspots". Referencing LEACH, Sanjeev Kumar [11] selected cluster head according to the residual energy, response time and the distance between nodes.
K-Means algorithm is the most classic and widely used clustering algorithm based on partition, which belongs to the distance-based clustering methods [12] . It was proposed by J. B. MacQueen, and it is a very influential clustering technique in the industrial and scientific applications by far [13] . The Kmeans firstly randomly choose k objects from the N objects as the initial cluster centers, the rest objects join the clusters according to their similarity (by Euclidean distance) with the cluster centers, then it calculates the new cluster center of each cluster, and repeats this process until satisfying the convergence condition. Generally variance (the sum of squared errors in the cluster) is used as the standard measure function, and it can be defined as (1).
The convergence condition is expressed as formula (2) . ε
Where ε is a minimal value. 1 
E and 2
E represent the current measure function value and the preceding measure function value respectively.
In this paper, we proposed a clustered routing protocol based on improved K-means algorithm for UWSN (CBKU) for three-dimensional underwater environment. Applying the LEACH protocol to underwater sensor network, the protocol utilizes the improved K-means to optimize the clustering and balances the network energy consumption. The selecting of K means value will consider the depth of the node locating, the density of nodes around and the residual energy of the node. The assistant cluster head is allocated to share the tasks of the primary cluster head. The selecting of the primary cluster head will consider the energy of the nodes and the distance between the node and the cluster header. The selecting of the assistant cluster head will consider the energy of the node and the distance between the node and the base station. After clustering, the multi-hop mode will be adopted for the communication between the clusters, and the next hop will be the optimal stop.
III. SYSTEM MODEL

A. Characters Definition for Underwater Sensor Network Model
• Sensor nodes are randomly deployed to form a threedimensional static sensor network in underwater environment. Communication links between the nodes are reliable and two-way symmetrical.
• Each node can obtain their three-dimensional position information [14] . It can be supported by acoustic wave detection hardware units or obtained by any other positioning algorithms.
• All nodes in the network are homogeneous and their energies are limited with equal initial energy.
• There is a base station on the surface of the sea. Its energy is unlimited, and it can transmit or receive information with underwater acoustic waves and radio waves.
• Each cluster consists of cluster headers and multiple member nodes. Each cluster head collects data from its member nodes and relays the aggregated data to the base station.
• Once all the nodes complete the data transmission to the base station, it is called as one round.
B. Energy-Consuming Model
Due to the characteristics of underwater acoustic channel, the energy-consuming model of underwater wireless sensor network is quite different from the energy-consuming model of terrestrial sensor network. Here the energy-consuming model of underwater wireless sensor network will be referred by literature [15] , 0 p is the lowest power that the data can be accurately received by the nodes, x is the distance between the source node and the destination node.
' 0 P is the lowest power that the node needed to transmit the data to the destination node, and is defined as:
Where k is coefficient of energy expansion. a is defined as:
a is concerned with the frequency and can be derived 
( , x) T E l means the energy consumed by transmitting l bits of data to x meters away, which can be defined as:
E l means the energy consumed by receiving l bits of data, which can be defined as:
Where r P is a constant depended on the device.
( ) DA E l means the energy consumed by fusing l bits of data, which can be defined as:
Where DA E is the energy consumed by fusing one bit of data, generally it can be taken as 5nJ/bit.
IV. THE CBKU ALGORITHM
A. The Election of the Initial Cluster Centers of K-means
First of all, the number of the initial cluster centers should be determined, which will directly determine the final number of the clusters. Generally, K-means algorithm randomly selects N initial cluster centers. But for the underwater wireless sensor networks, if the number of the clusters is too small, the clusters will be too large and have too many nodes. It will lead to a significant increase of energy consumption for a long distance to transmit the information of the nodes. It will have disadvantages for prolonging the life time of the network due to a large amount of information needed to fuse in a cluster. While if the number of the clusters is too large, it will not achieve the desired effect of clustering. Since the similarity between the clusters is too high, we cannot perform an effective data fusion. So a reasonable number of initial cluster centers should be determined firstly.
Suppose the number of initial cluster centers of the network is K, and the total number of nodes is N. Considering the average situation, the number of nodes in each cluster will be N/K. Assuming the cluster headers transmit the data directly to the base station. The size of network is L L L * * . According to Ref. [16] , the optimal number of clusters is:
Where t obs d is distance between nodes and the base station.
The result K is the optimal number of the initial cluster centers. For K-means, the location of initial cluster centers is also randomly determined, which leads to many deficiencies:
1. It is easy to achieve the local not the global optima. 2. The instability of the clustering result. 3. Due to the increase of the total number of iterations, it will lead to the increase of total consumption of time.
In order to overcome the above drawbacks, combined with the characteristics of underwater wireless sensor networks and the LEACH protocol, the proposed CBKU algorithm considers the nodes depth D and the density ρ (the ratio of the number of nodes within a sensing radius to the number of the total nodes). So we can redefine the threshold ( ) T n in LETCH protocol, which can be expressed as (10) .
Where p is the possibility of a node to be a cluster head, r is the current round. max D is the maximum depth between underwater location of bottom node and the surface of water.
In CBKU algorithm, the cluster heads send the data to the base station by multi-hop. In addition to undertaking the task of data fusion and data transmission, the cluster heads need to forward data. So the cluster heads near the base station will consume more than others, which causes their early death. This is called the "hotspot". To solve this problem, CBKU selects the initial cluster centers with the consideration of the depth of nodes, so that the clusters near the base station will be more than the cluster far from the base station. It can balance the energy consumption of the network and prevent the forming of the so-called "hotspot".
Considering the uneven distribution of nodes caused by the randomly deployment, CBKU selects the initial cluster centers according to the density of the nodes around to balance the number of the members of each cluster.
Following are the steps to get the K initial cluster centers after obtaining the set of the candidate of the initial cluster centers according to (10) : step1: Optionally select one of the nodes as a first initial cluster center 1 K . step2: Select the node which is furthest away from 1 K from the rest candidate initial cluster centers to be the second initial cluster center 2 K . step3: Select the node which is furthest away from 1 K and 2 K to be the third initial cluster center 3 K , which has the max value of 
min(d( K ,K ),d( K ,K )).
step4: Select the node that has the max value of
step5: Select all the K initial cluster centers in sequence.
B. Clustering and Election of Cluster Head
After obtaining the K initial cluster centers, CBKU uses the K-means to cluster the network until the standard measurement function meets the convergence condition as (2) . In CBKU, the similarity of nodes is described by distance, so the standard measurement function can be expressed as the sum of the square of distance between nodes and cluster center:
After clustering, the election of cluster heads will begin. Since the energy consumption of clusters is far more than the other ordinary nodes, in order to reduce the energy consumption of cluster head, CBKU selects the aided cluster head to share the tasks by cluster head originally. The primary cluster head is responsible for receiving and fusing the data from the ordinary nodes of its cluster and sending the processed data to the aided cluster head. The aided cluster head is responsible for receiving the data from the primary cluster head and transmit them to the next hop. The desirableness factor of a node to be the primary cluster head is:
Where tocenter d is the distance between the node and the cluster center, current E is the current energy of nodes. The node of a cluster has the max value of Q will be selected to be the primary cluster head of the cluster. If only considering the distance between nodes and the cluster centers, ignoring the residual energy of nodes, there will be the nodes with little residual energy to be selected as the cluster head. The residual energy of these nodes cannot afford the normal operation of the whole network well. Comprehensively considering the distance between the node to the cluster center and the residual energy of the nodes can avoid the exhausted energy consumption.
Considering the distance between nodes and base station and the current energy of nodes, the desirableness factor of a node to be the aided cluster head is:
Where toBS d
is distance between nodes and base station. The aided cluster head is responsible for sending the data to the next hop of aided cluster head, and the data will be sent to the base station step by step. On the basis of considering the residual energy, the node which is nearest to the base station in cluster will be prior to be selected as the aided cluster head.
The node that has the max value of P is not only near the base station, but also has large residual energy. The specific process of this clustering is shown as Fig.2 . 
C. Transmission Routing Among Clusters
In LEACH, the cluster heads transmit information to the base station directly. For underwater acoustic channel, the energy consumption will increase rapidly as the distance increases. So it is unsuitable for underwater sensor networks. In CBKU algorithm, the cluster heads transmit information to the base station by multi-hop. The forward factor λ is designed to decide which node is suitable to be the forward node. As shown in Fig.3 , B denotes the base station, A denotes the source node, F denotes the neighboring node of A, λ can be expressed as formula (14) .
Where d is the distance between A and F, θ is the angle of vector A-B and vector F-A, r is the perceived radius of the node. The node with the less value of λ is more suitable for forwarding the data. 
A. Simulation Settings
Compared with LEACH and LEACCH-L, this paper uses MATLAB to test the CBKU's performance with the regard to livability, energy consumption and data transfer volume.
The simulation area is a cube of 100m*100m*100m, random uniform deployment of 150 nodes, the node communication radius of 40m. The setting is shown in Table I . The deployment of nodes is shown as Fig.4 . 
B. Results and Discussion
Livability is an important index to evaluate the protocol's performance. When the nodes with a certain ratio in the network die, the network cannot work well to collect the information from the whole monitoring region. So if more nodes live longer, the network will have a better performance. Fig .5 shows the change of the number of the survival nodes with the rounds going on. Table II shows the quantitative results.
Concluded from Table II and Fig.5 , in CBKU algorithm, the death time of the first node is the latest compared with LEACH and LEACH-L, which indicates CBKU balances the energy consumption efficiently. As shown in Table II , the rounds of death time for the first node of the three protocols are 98r, 140r and 268r respectively. The rounds of death time for all the nodes of the three protocols are 425r, 462r and 286r respectively. Although, in CBKU, all the nodes die firstly, it does not imply CBKU performs worse than the other two. The shorter period from the first death node occurring to the last death node occurring indicates that the energy consumption could be balanced better.
As seen in Table II and Fig.5 , the CBKU's period from the first death node occurring to the last death node occurring is the shortest one. This is because of introducing the improved K-means algorithm to cluster the network reasonably. Distance is the most significant factor of energy consumption. K-means is a kind of clustering method based on the distance. The Euclid distance between the objects will be the index of similarity. So the closer the nodes are, the more likely the nodes will be in the same cluster. It avoids the randomness of clustering in LEACH. Comprehensively considering the factors of the depth, distance and the density, CBKU could improve the clustering results. Information transmission between the cluster heads adopts the multi-hop transferring. It can decrease the energy consumption and prolongs the lifetime of the network.
Energy consumption is also the indicator to the network performance, and it implicitly reflects the status of network life time. The lower the energy consumption is, the longer the network life time will be. As shown in Fig.6 , CBKU has the lowest energy consumption and its energy consumption is balanced for each round until all nodes die. The energy consumption of LEACH in the first 150 rounds is the highest and decreases later as rounds going on because of its nodes gradually dying quickly. So it cannot indicate LEACH has a better performance.
The purpose of the UWSN is to monitor a region and collect information of the region. So the total amount of packets that the base station received is an important index to measure the performance of the network. Fig.7 Comparison of the amount of the packets sending to base station for the three protocols in each round Fig.7 shows the comparison of the amount of the packets sending to base station for the three protocols in each round. CBKU has transferred more packets than the other two. This is because that CBKU improves the energy utilization efficiency of the network, and enhances the data transfer efficiency among the cluster heads in the network.
VI. CONCLUSION
This paper proposed a clustered routing protocol for threedimensional underwater sensor networks. The protocol is based on the improved K-means algorithm. It selects the initial cluster centers by comprehensively considering the maximum distance method, the depth of the nodes' location and the density of the nodes around. The improved K-means algorithm is adopted to cluster the network reasonably, and elects the primary and aided cluster heads to share the energy consumption. Multi-hop is adopted to fulfill the information transmission among the cluster heads. The simulation result shows CBKU can effectively balance the energy consumption, prolong the life time of the network, and increase the amount of packets transmission compared with LEACH and LEACH-L algorithms.
